Few studies have investigated the long-term impact of overall dietary patterns (DP) on cognition. We evaluated the association between empirically derived DP in midlife and cognitive performance 13 y later. Dietary data were based on 24-h dietary records obtained from a subsample of the Supplé mentation en Vitamines et Miné raux Antioxydant Study.
Introduction
At present, treatments to cure or slow the progression of cognitive decline and dementia are not available, arguing for an improvement of prevention through health behaviors, including physical activity, cognitive activity, leisure and social activities, and nutrition (1-3).
Some nutritional factors such as B-vitamins, PUFA, and antioxidants have been hypothesized to play a role in the prevention of cognitive decline and dementia (2, 4, 5) . The most consistent evidence concerns the potential beneficial effect of fish consumption or long-chain (n-3) PUFA intake on cognitive decline or risk of dementia, estimated in longitudinal studies (6) .
These studies generally focus on a specific nutrient or food, whereas there are many arguments supporting the role of dietary habits as a whole on health outcomes (7) . In particular, the effect of the overall diet may be easier to detect than the effects of individual dietary components, especially when the latter are of minor extent or when the global effect is greater than the sum of the parts (8, 9) .
Two methods, a priori and a posteriori, have been developed for the assessment of diet in a holistic manner. A priori methods account for specific, predefined nutritional factors and employ dietary quality indices; e.g., estimating adherence to a Mediterranean diet or to nutritional guidelines. Alternatively, a posteriori methods do not focus on specific nutritional factors but instead account for correlations among reported food components and summarize global dietary behaviors.
Whereas many epidemiological studies have investigated the association between diet as a whole and the risk of cancer, CVD 7 (cardiovascular diseases), and death (8, (10) (11) (12) (13) , few have focused on cognitive outcomes (14) . Only 2 studies have examined a posteriori-extracted DP (dietary patterns) in relation to Alzheimer's disease (15, 16) . Two other studies have focused on the cross-sectional link between cognitive function and DP extracted by cluster analysis (17, 18) . Some research has supported a beneficial association between cognitive decline or dementia and adherence to a Mediterranean diet (19) (20) (21) (22) (23) (24) . However, no studies to our knowledge have used middle-age dietary exposure assessment, which is critical when focusing on diseases requiring several decades to develop (2) .
The aim of the present study was to investigate the relationship between DP in middle life and cognitive performance assessed 13 y later. Although both the quality and quantity of the diet may influence one's health status, to the best of our knowledge no studies have reported an interrelationship between these primary exposures as regards cognition. Thus, a specific objective of our study was to assess the potential differential effect of healthy dietary habits according to energy intake.
Materials and Methods
Study population. The SU.VI.MAX (Supplémentation en Vitamines et Minéraux Antioxydant, 1994-2002) study was initially designed as a randomized, double-blind, placebo-controlled, primary prevention trial and included a total of 12,741 individuals for a planned follow-up of 8 y. It aimed to test the potential efficacy of daily supplementation with antioxidant vitamins and minerals at nutritional doses (ascorbic acid, vitamin E, b-carotene, selenium, and zinc) on the incidence of cancer, ischemic heart disease, and overall mortality (25, 26) .
At the end of the trial phase, the participants were invited for an additional 2-y follow-up. From the initial sample, 6850 participants were included on a voluntary basis in the SU.VI.MAX 2 observational study (2007) (2008) (2009) ) aimed at investigating the impact of nutrition on quality of aging (27) .
The SU.VI.MAX and SU.VI.MAX 2 studies were conducted according to the guidelines laid down in the Declaration of Helsinki and were approved by the Ethics Committee for Studies with Human participants of Paris-Cochin Hospital (CCPPRB nos. 706 and 2364, respectively) and the Comité National Informatique et Liberté (CNIL nos. 334641 and 907094, respectively). Written informed consent was obtained from all participants.
Inclusion and exclusion criteria. From the 6850 participants in the SU.VI.MAX.2 study, we excluded those younger than 45 y at baseline (n = 1267), those with missing neuropsychological test scores (n = 1136), those with fewer than 3 dietary records during the first 2 y of follow-up (n = 1085), or those with missing data on any of the covariates (n = 308). Among participants older than 45 y (n = 5583), the ones included in the study (n = 3054) were older at baseline, a smaller proportion of them were women, and a larger proportion had higher educational levels than those who were excluded from the study. They also reported fewer depressive symptoms and higher energy intake and had lower body BMI and better cognitive performance (data not tabulated).
Dietary data assessment. During the SU.VI.MAX study, participants were invited to complete a 24-h dietary record every 2 mo for a total of 6 records/y, thus covering all days of the week and all seasons and accounting for individual and seasonal variability in intake. Data were collected through computerized questionnaires using the Minitel, a small terminal used in France as an adjunct to the telephone. In coding the food portions, participants were assisted by an instruction manual that included validated photographs of .250 foods represented in 3 different portion sizes. Participants could also choose from 2 intermediate or 2 extreme portions for a total of 7 possible portion sizes (28) . As previously reported (29) , dietary records that reported ,100 or .6000 kcal/d were excluded; further, men reporting ,800 kcal/d and women reporting ,500 kcal/d in 60% or more of their dietary records were also excluded.
Food and nutrient intakes were based on the reported mean intakes across all 24-h records collected during the first 2 y of the study. Over 950 different food items served to define 34 food groups. Intakes from each of these food groups were energy adjusted using the residual method defined by Willett and Stampfer (30) .
Identification of food patterns. PCA (principal component analysis) using SAS Proc FACTOR (version 9.1, SAS Institute) was used to produce latent variables that are independent linear combinations of the predefined 34 food groups, thereby maximizing the explained variance. These new variables, i.e., patterns, were rotated by orthogonal transformation using the SAS Varimax option. The number of retained patterns was determined according to: eigenvalues .1.25, Cattel's Scree test (plot of the total variance related to each pattern), and the interpretability of the factors (31) . DP were labeled based on the types of foods exhibiting the strongest correlations and having the highest factor loadings. Food groups with absolute factor-loading coefficients .0.25 were considered to be strongly associated within a pattern. In practice, for each participant, the individual pattern score was calculated by summing the intake of the 34 energy-adjusted food groups, which were weighted by their factor loading.
To estimate the test-retest reliability of the PCA-extracted DP, the ICC (intraclass correlation coefficient) was used to measure the strength of agreement between the DP extracted from data collected during the first and the second year of the study. As described by Shrout and Fleiss (32) , the ICC accounts for within-subject and residual variations provided by 2-way ANOVA.
Cognitive assessment. Self-reported memory troubles ["Do you have any memory complaints?" (yes/no)] were recorded at baseline (1994).
In 2007-2009, all participants were invited to undergo a check-up, which included an overall clinical examination and a neuropsychological evaluation carried out by trained neuropsychologists. Episodic memory was evaluated using the RI-48 test, a delayed cued recall test based on a list of 48 words belonging to 12 different categories. This test was designed to limit "ceiling effects" encountered in some list-learning tests. The total score was the number of words retrieved (maximum score of 48) (33) . Lexical-semantic memory was assessed by verbal fluency tasks, including a semantic fluency task, which consisted of naming as many animals as possible, and a phonemic fluency task consisting of citing words beginning with the letter P. The total score was the number of correct words produced during a 2-min period for each task (34) . Working memory was assessed with the forward and backward digit span. Participants were asked to repeat 2 sequences of digits, forward or backward. The number of digits increased by one until the participant failed 2 consecutive trials of the same digit span. One point was scored for each correct sequence repeated, with a maximum score of 14 points for digit span forward as well as backward (35) . Mental flexibility was assessed through the Delis-Kaplan trail-making test consisting of connecting numbers and letters alternating between the 2 series. The score was the time in seconds needed to complete the task (36); thus, a lower value corresponded to better performance. For our analyses, we used the inverse of the trail-making test score such that a higher score gave a better result.
Covariates. At baseline, information on gender, date of birth, menopausal status, use of menopausal hormone therapy (yes or no), smoking status (never smoked, former or current smoker), physical activity (irregular, equivalent to ,1 h of walking/d, equivalent to $1 h of walking/d), education (primary, secondary, or university level), and medication use (antihypertensives, antidiabetics) was collected. At the first clinical examination (1995) (1996) , anthropometric measurements were collected. Weight was measured using an electronic scale with participants wearing indoor clothing and no shoes. Height was measured under the same conditions with a wall-mounted stadiometer. BP (blood pressure) was measured using a standardized procedure with a mercury sphygmomanometer. It was taken once from each arm in participants who had been lying down for at least 10 min. The mean of these 2 measurements was used for analyses. Blood samples were obtained after a 12-h fast and all biochemical measurements were centralized. Fasting blood glucose was measured using an enzymatic method (Advia 1650; Bayer Diagnostic).
Depressive symptoms were assessed during SU.VI.MAX 2 using the French version of the Center for Epidemiologic Studies Depression Scale (37) .
During follow-up, in case of suspected CVD, relevant medical data (clinical, biochemical, histological, radiological reports) were requested from participants, physicians, and/or hospitals. All reported cardiovascular events were reviewed and validated by an independent expert committee.
Statistical analysis. BMI was calculated as the ratio of weight:squared height (kg/m 2 ). Hypertension at baseline was defined as systolic BP $140 mm Hg or diastolic BP $90 mm Hg or reporting antihypertensive drug use. Diabetes mellitus at baseline was defined as glycemia $7 mmol/L or reporting antidiabetic drug use. To limit exclusion due to missing values, we excluded only participants with missing data on covariates with ,5% missing values. Thus, in case of missing clinical measurements for BMI, self-reported data were used when available. A missing category was used in case of missing values for hypertension status at baseline.
The inverse of the trail-making test score was log-transformed to improve normality. Cognitive tests were converted into T scores (mean = 50, SD = 10). Thus, a 1-point difference in the test score corresponded to one-tenth of a SD difference. PCA was also performed to yield summary scores accounting for correlations among the cognitive tests, thereby maximizing the explained variance, as previously reported (27) . Factors were rotated through an orthogonal transformation. Extracted factors as well as a composite cognitive score defined as the mean of the standardized test scores were rescaled to have an SD of 10. Included participants and those who were excluded due to missing data were compared using the chi-square test or Wilcoxon's rank test. Quartiles (Q1-4) of the extracted DP were calculated. Descriptive baseline characteristics are reported as mean 6 SD or percentages across quartiles of the healthy and traditional DP. Reported P values refer to the test for linear contrast or to the chi-square trend test, as appropriate. ANCOVA were used to estimate the association between quartiles of adherence to DP and cognitive scores. Values are reported as adjusted means 6 SEM. P-trend was assessed using linear contrasts. In model 1, analyses were adjusted for follow-up time between baseline and cognitive evaluation, gender, educational level, age at cognitive evaluation, intervention group (active vs. placebo), energy intake, and number of 24-h dietary records over the 2-y period. In model 2, the analyses were further adjusted for depressive symptoms concomitant with the cognitive performance assessment and CVD events during follow-up and for the following baseline characteristics: self-reported memory troubles, alcohol intake, physical activity, BMI, tobacco use status, menopausal status (yes/no), menopausal hormone therapy use (yes/no), hypertension, and diabetes mellitus. A secondary analysis modeling the OR of cognitive impairment (i.e., scoring at or below the 10th percentile on the cognitive assessment) was performed.
We hypothesized that the effects of the DP may differ according to energy intake. Thus, we entered an interaction term as the product of a binary variable representing low or high energy intake (according to the sex-specific median values) and the DP score as an ordinal variable representing the quartiles of intake. Sensitivity analyses were performed among participants without memory troubles at baseline and among participants allocated to the placebo group during the intervention phase.
Additional effect modifications by intervention group and gender were also tested. All tests of significance were 2-sided and the type I error was set at 5%. Statistical analyses were performed using SAS software (version 9.1, SAS Institute).
Results
A total of 3054 participants were included in the present analysis. The number of 24-h dietary records was 10 6 3. At baseline, age was 52.1 6 4.6 y and at cognitive evaluation, it was 65.5 6 4.6 y. DP. Two DP were identified by factor analysis (Supplemental Table 1 ). They accounted for 12% of the initial variance. The first pattern was positively correlated with consumption of fruit (fresh and dried), whole grains, fresh dairy products, vegetables, breakfast cereal, tea, vegetable fat, nuts, and fish and was thus labeled the "healthy pattern." This pattern was also negatively correlated with meat and poultry, refined grains, animal fat, and processed meat. The second DP was positively correlated with consumption of vegetables, vegetable fat, meat, and poultry. It was also negatively correlated with intake of confectionary and chocolate, cakes and pastries, croissants, pizza and dinner pies, desserts, soft drinks, milk, and potatoes and was thus named the "traditional pattern."
ICC measuring the agreement of the extracted DP based on 24-h records from the first and the second years of follow-up were 0.75 for the healthy pattern and 0.74 for the traditional pattern.
Participant characteristics. The mean follow-up time between inclusion and cognitive evaluation was 13.4 6 0.7 y. Baseline characteristics of the participants across quartiles of the healthy and traditional patterns are presented in Table 1 . Increasing adherence to the healthy pattern was associated with a lower proportion of males, lower BMI, a higher proportion of individuals with high educational attainment, nonsmokers, increased physical activity levels, and memory troubles. The prevalence of memory troubles was similar across healthy pattern quartiles among men (28, 22, 28 , and 30%, respectively; P-trend = 0.33) and women (42, 40, 47 , and 46%, respectively; P-trend = 0.13) separately, but memory troubles were more frequently reported by women (44%) than by men (27%) (data not tabulated). Increasing adherence to the healthy pattern was also positively correlated with higher intakes of fiber, calcium, bcarotene, folic acid, vitamins E and C, and (n-6) and (n-3) longchain PUFA and with lower intakes of alcohol, total lipids, and SFA. A higher proportion of males and those with higher BMI were more likely to exhibit increased adherence to the traditional pattern, whereas no significant association with smoking status, education, or physical activity was observed. Increasing adherence to the traditional pattern was also positively correlated with alcohol use, total lipids, proteins, PUFA and MUFA, fiber, folic acid, b-carotene, and vitamins E and C and negatively correlated with carbohydrates, SFA, and calcium. Association between DP and cognitive function. The associations between DP and cognitive factors are presented in Table 2 . Global cognitive function, evaluated as the mean of the individual tests, was better among participants with the highest compared with the lowest adherence to the healthy pattern was similar to that observed in the main analysis but was not significant (P-trend = 0.07). In turn, a high score on the traditional pattern tended to be associated with an increased likelihood of impairment in executive functioning [Q4 vs. Q1: OR = 1.48 (95% CI: 1.04, 2.12); P-trend = 0.06].
Subgroup analyses.
No effect modification by gender or intervention group was observed (P . 0.05). However, significant interactions were observed between energy intake and the healthy pattern regarding global cognitive function (P = 0.02) and verbal memory (P = 0.04). Stratified analyses according to energy intake (gender-specific median values were used as cutoffs: 2492 kcal for men and 1805 kcal for women) showed that the positive effect of a healthy pattern on global cognitive function and verbal memory was observed only among participants with low energy intake ( Table 3) . Compared with those with a low level of energy intake, those with a high level had a higher consumption of most food groups (data not tabulated), especially processed meat (+53.5%), animal fat (+57.2%), salted snacks (+74.1%), cheese (+58.6%), and sweetening products (+105.4%). They also consumed more alcohol (+68.6%). Finally, to test the robustness of our findings, analyses were also performed among the subsample without self-reported memory troubles (n = 1991) at baseline and among participants allocated to placebo during the trial phase (n = 1418). A positive association between a healthy pattern and verbal memory was TABLE 2 Association between quartiles of healthy and traditional DP at midlife and cognitive function ''factors'' evaluated 13 y later (SU.VI.MAX and SU.VI.MAX 2 studies, 1994-2007) 1 Traditional pattern   Q1  Q2  Q3  Q4  P2  Q1  Q2  Q3  Q4 , alcohol intake (g/d), tobacco use status (never/former/current), baseline self-reported memory troubles (yes/no), baseline diabetes mellitus (yes/ no), baseline hypertension (yes/no), CVD events during follow-up (yes/no), Center for Epidemiologic Studies Depression Scale score, and, for women, baseline menopausal status (yes/no) and menopausal hormone therapy use (yes/no). intake (g/d), tobacco status (former/never/current), baseline self-reported memory troubles (yes/no), baseline diabetes mellitus (yes/no), baseline hypertension (yes/no), CVD events during follow-up (yes/no), Center for Epidemiologic Studies Depression Scale score, and, for women, baseline menopausal status (yes/no) and menopausal hormone therapy (yes/no). 3 P-linear contrast (ANCOVA) across quartiles of intake. 4 Energy intake ,2490 kcal for men and ,1810 kcal for women. 5 Energy intake $2490 kcal for men and $1810 kcal for women.
Healthy pattern
evident in the placebo group (adjusted mean 6 SEM for Q4: 49.7 6 1.1 vs. Q1: 48.0 6 1.0; P-trend = 0.01) and among participants without reported memory troubles at baseline (adjusted mean 6 SEM for Q4: 51.2 6 0.9 vs. Q1: 49.8 6 0.8; P-trend = 0.01). No association was observed with executive functioning or with the traditional pattern.
Discussion
In this French population, adherence to a healthy DP in middle life was positively associated with cognitive functioning, independent of other health behavior factors. Specifically, performance on verbal memory was positively associated with the level of adherence to a healthy DP, especially among participants with a relatively low energy intake. Despite a similar trend, no significant association with executive functioning was observed. No association was observed between the traditional DP and cognitive performance. Our results argue for a differential effect of midlife nutritional factors according to cognitive domain.
The clinical significance of our estimations may be evaluated according to educational level, which has consistently demonstrated an inverse association with cognitive function (1) . In this study, differences in the mean scores on verbal memory and executive functioning between participants with high (university level) compared with low (primary) levels of education were 6.7 and 6.0, respectively. Thus, a difference of 1.17 in verbal memory between the first and fourth quartiles of a healthy DP may be considered relatively small at the individual level, but this difference is probably important at the population level.
Epidemiological studies on brain aging and nutrition relationships have been of growing interest during the last decade, but most of the findings emphasize individual nutritional factors (4, 38, 39) . Despite inconsistent findings from observational studies or randomized clinical trials, mechanistic hypotheses are based on B vitamins, fatty acids, and antioxidants.
Few studies have focused on diet as a whole (15-24) even though the importance of such an approach for the prevention of brain aging has been pointed out (3) . Those studies included participants older than 75 y, except for the Whitehall II study.
Additionally, a recent study using the reduced rank regression method identified a DP highly correlated with consumption of nuts, fish, salad dressing, vegetables, fruits, and poultry, thus maximizing the variance of SFA, MUFA, (n-3) and (n-6) PUFA, vitamin E, vitamin B-12, and folic acid intakes. Among elderly participants, this DP was associated with a lower risk of Alzheimer's disease (16) .
Moreover, several epidemiological studies have reported positive effects of adherence to a Mediterranean diet on cognitive outcomes, i.e., cognitive decline or dementia (19) (20) (21) (22) (23) (24) ; however, this diet was not associated with the risk of dementia in a French study (20) . A recent meta-analysis concluded that additional studies in a variety of settings were needed, because the existing studies pertain to only 3 populations (40) .
Although DP analysis and a priori-based scores are different concepts (41) , all existing findings, including those from the present study, support the hypothesis that a global dietary behavior conferring a good nutritional status may help in the preservation of cognitive abilities.
In our study, the beneficial effect of a healthy DP on cognitive performance was observed only among participants with low energy intake (below the median values of 2490 kcal for men and 1810 kcal for women). To the best of our knowledge, no previous studies have reported such an interaction between energy intake and DP with respect to cognitive outcomes. This finding is of major importance, because it argues for accounting for the quality and the overall quantity of the diet in tandem. Indeed, a beneficial impact of a specific diet, i.e., a healthy DP, on cognition could be counterbalanced by an increased energy intake likely due to increased consumption of nonhealthy food, as demonstrated by the comparison of participants in the top quartile of the healthy pattern with low compared with high energy intake. Not surprisingly, the prevalence of memory troubles in this population of middle-aged adults was high, especially among women (42) .
Some limitations of our study should be noted. First, cognitive evaluation was not available at baseline; thus, adjustment for baseline differences in cognitive performance according to each DP was not possible. Preexisting differences in cognitive performance may have led to differences in DP. However, our sample included relatively young and healthy volunteers, arguing for the likely absence of cognitive impairment at baseline. In addition, because baseline cognitive evaluation was not available, we were not able to focus on cognitive decline. Second, the empirically derived DP showed some limitations regarding food groupings, factor selection, and labeling, which were previously described (11, 41) . In addition, both the healthy and traditional patterns were correlated with vegetable intake. This suggests that the observed association between cognitive function and the healthy pattern and the absence of an association regarding the traditional pattern are not explained only by vegetable consumption or the related nutrients.
Third, compared with the entire cohort, the analyzed sample likely included the more compliant or health-conscious participants, limiting the generalizability of our findings as shown by the comparison between included and excluded participants. This may have led to homogeneity in the cognitive profiles, reducing the probability of finding a difference by DP quartiles.
Finally, residual confounding in observational studies is always possible despite extensive statistical adjustments. Because some arguments relate to the vascular origin of cognitive disorders (43) , the analyses were adjusted for pertinent confounders, thus allowing the conclusion that the observed associations were not fully mediated by these covariables.
The strengths and original aspects of our study include its longitudinal design and the use of dietary data reflecting midlife exposure. The test-retest reliability of the DP was high, arguing for the quality of the dietary exposure assessment. Indeed, our findings are of major interest from a public health viewpoint, because prevention is a cost-effective strategy and dementia prevention should be initiated in middle age when potential cognitive disorders are presymptomatic (2, 44) . In addition, standardized cognitive evaluation was completed in a relatively young population and a neuropsychological battery of sensitive tests was used to limit ceiling and floor effects.
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